


'" October, 1973

EMS-DR-2032
NASA CR-128,794

VOLUME 3 OF 18

RH_ULTS OF TESTS 0AI2 AND IA9 IN TH_

AMES RESEARCH CENTER UNITARY PLAN WIND _JNNELS

ON AN O.030-SCALE MODEL OF TEE SPACE SHUTTLE

VEHICLE 2A TO DETERMINE AERODYNAMIC LOADS

_W.
r" ,'

*,'_, By

R. H. Spangler
Rockwell International

;L

...._ Prepared under NASA Contract Number NAS9-13247

_/:_, Data Management Services
: Cl_ysler Corporation Space Division
_'" New Orleans, La. 70189

......t:_- _glneerlng Analysis Division

,/:-. Johnson Space Center
' National Aeronautics and Space Administration

Houston, Texas

,% -

-"._r

00000001-TSA03



WING _UNNI_ T_T SPECIFICS:

To_t Numberz: ARC ii'707IilARcARC87-70797"707
NASA Series Numbers: IA9A, B, C and

0AZ2A, C [
Test Date: 2 April - 17 May, 1973 l.i

[
FACILITY COORDINATOR:

C. R. Nysmith
Ames Research Center

Mail Stop N-229-5
Moffett Field, California 94035

Phone: (415) 965-5274

PROJECT ENGINEERS:

R. H. Spangler, R. L. Gilllns, E. Chee
Rockwell International, Space Division
12214 Lakewood Boulevard
Mall Code AC-07

Downey, California 90241

Phone: (213) 922-1432

J. J. Brownson, R. E. Fahey
Ames Research Center
Mall Stop 227-5
Moffett Field, California 94035

Phone: (415) 965-6262

DATA MANAG_V_ENTSERVICES:

This document has been prepared by:

_ D. A. Sarver, Terry Mulkey
_! Liaison Operations " " /

D. E. Poucher_ H. C. Zin_nerle __/ •

Data Operations L)
i"

". This document has been reviewed and is approved for release.

1 !_ta Management Services IQ. _.
Chrysler Corporation Space Division Asstuues_Jrespon_lity for the.dat_ --
presented herein other than its display characteristics.

00000001-TSA04



RESULTS OF TESTS 0AI2 AND IA9 IN THE

AMES RESEARCH CENTER UNITARY PLAN WIND TUNNELS

ON AN O.030-SCALE MODEL OF THE 8PACE S_JTTLE

VEIITCLE2A TO DE_ERMINE AERODYNAMIC LOADS

R. H. Spsmgler
Rockwell Internati_

ABSTRACT

Tests were conducted in the NASA/ARC Unitary Plan Wind Tunnels during
April and May 1973, en an O.030-scale replica of the Space Shuttle Vehicl.'
Comfigu_ation 2A. Ae_od_ loads data were obtained at Mach numbers
from0.6to 3.5.

The investigation included Tests IA9A_ B and C on the integrated
._. (launch) configuration and Tesf_-OAl2A and C on the isolated,orbiter (entry
. configuration). The integrated vehicle was tested at angles of attack and

sideslip fro_ -8 degrees to +8 degrees. The isolated orbiter was tested
at angles of attack from -15 degrees to +40 degrees and angles of sideslip
from -i0 degrees to +i0 degrees as dictated by trajectory considerations.
The effects of orbiter/external tank incidence angle and deflected control

q surfaces on aerodynamic loads were also investigated.
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oF DA A (CO CLUD D)

[_CHEDULEOF COEFI_ICIENT_PLOTTED:

(A) ON, CLM, OAF versus ALPHA
CN vQr_us eLM

(B) CN, CIAM,CA, CAF versus ALPHA
CN versus CIM

(C) CN, CIAM,CAF versus ALPHA
CT_Mversus CN

(D) CN, C_, CA, CAF, CL, L/DF versus ALPHA
CN versus CLM
CL versus CDF

(E) CN, CIAM,CA, CAF, CL, L/DF versus ALPHA
CLM versus CN

_' (F) CY, CYN, CBL, OAF, CN, OK versus BETA
CY versus OYN

(G) CY, CYN, CBL, CA, CAF, CN, _ versus BETA
_'_ CY versus CYN

[.! (H) CY, CYN, CBL_ CAF, CN, CLM versus BETA
CYN versus CY

(1) CY, CTN, CBL, CA, CAF, CN, CLM, CL versus BETA
CY versus CYN
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INTRODUCTION

_e O.030-oaal_ Acre I_ads _poeo Bhuttle model _.sa_tented in the

Unitary Pl_n Wind Tunnoln at ARC _tartlng April 2, and continuing throui_h
M_M 17, 1973 an follows|

ZA9A ll-foot Transonic April _ to April i4, 1973
OAI2A ll-foot Transonic April 16 to April 29, 1973
IAgC 8xT.-footSupersenic April 23 to May i, 1973
OAI2C 8xT-foot Supersonic May 2 to May 8, 1973
IAgB 9x7-foot Supersonic May 9 to M_M 17, 1973

The tooting was conducted in all three l_gs of the Unitary Plan Wind
Tunnels to obtain a M_ch number range from 0.6 to 3.5. Aerodynamic loads
_ata were oktained for the ascent and entry configurations. The effects
of cantrol surfaoe deflections were also investigated.

This report consists of 3 volumes of force data and 15 volumes of
p_essu_e data for a total of 18 volumes arranged in the following manner:

,VOLUMENO. co_amws

1 IAgA force data
++ 2 IAgB and IAgC force data
", 3 OAI2A and OAI2C force data
"-, 4 IAgA plotted pressure data

5 IA9B and IA9C plotted pressure data
6 OAI2A and OAI2C plotted pressure data
7 IA9A tabulated pressure data

orbiter base

upper MPS nozzle
8 IA9A tabulated pressure data

body flap
pod outside

lower wing st_rface
9 IAgA tabulated pressure data

Ill+r++left vertical tail surface
right vertical tail surface
APU inlet
SRM booster base

i0 IAgA tabulated pressure data

external tank
external tank base

++ _ 19

+- ,, - _y+:-._-,, , +...... t,'++'+++-', , ,: ++ ............ +....... . _'-: .+, +-.++,.... _ -._+._._--,+_ + :'?' .+
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I_oDueu_ION (co_I_UEO)

ii IA9B tabulat_adpronnuro data

b orbiter baaoupper MPS nozzle
OMS nozzle
body flap
OM_ pod outside

" lower win_ surface
12 IAgB tabulated pressure data

,_' t_} upper wing surface

left vertical tail surface
right vertical tail surface

: I I AFJ inlete SRM booster base

external tank
external tank bsae

13 IAgC tabulated pressure data

b orbiter base

! upper MPS nozzle
- OMS nozzle

_: body flap
: CMB pod outside
' 14 -_AgCtabulated pressure data

upper wirg surface
: left vertical tail surface
" right vertical tail surface
i' 15 IA9C tabulated pressure data

SRM booster base
SRM booster
external tank
external tank base

16 OAI2A tabulated pressure data

b orbiter baseupper MPS nozzle
(_4Snozzle

{ body flap
OMS pod outside

20
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I_o_c_:oN (COnCeDED)

17 oAIgA tabulated pronNtt_ed,ata

upper wing nurfaco
lo_t vortlca:_ tall _4urf_co
right vertical tsll _urfac_
APU Inlot

18 OAIg_Ctabulate_ prenm_o data
All components

¶,

.. _ 21
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NOMENCLATURE (CONTINU_9)

ADDITIOTO

PLOT
S_BOL SYMBOL DEFINITION

6R RUDDER rudder, surface deflection angle, positive
deflection, trailing edge to the left; degrees.

6e ELEVON elevon, surface deflection angle, positive
deflection, trailing edge down; degrees.

6RF RUDFLR rudder flare, split rudder deflection angle, left
split rudder trailing edge left and right split

rudder trailing edge right, 8RF _ (6RL + 6RE)/2,
positive deflection; degrees.

-%
io ORBINC incidence angle between the orbiter and external

tank, io = at - at; degrees.

_T BR_AT angle of sides_.ipof external tank.

a T ALPHAT angle of attack of external tank.

_B LB length of orbiter body; in.

_T LT length of external tank; in.

s I_ length of SRM booster; in.

_NM I_ length of OMS nozzle, positive direction forward
of exit plane; in.

_NP LNP length of MPS nozzle, positive direction forward
I of exit plane; in.

I b/2 BW wing semi-span; in.

I bv BV vertical tail span; in.

x X distance from component nose; in.

• y Y lateral distance from centerline: _n.

;dl
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NOMENCLATURE (CONCLUDED)

PLOT

S_L SYMBOL DE_TION

z Z vertical dlstsnce measured from W.L. 500 (vertical
tall reference root chord); in.

cw C_. laaal__rd; in.

cv CV local vertical tall chord; in.

x/_B X/LB longitudinal posltlon/orblter body length.

X/_T _LT longitudinal posltlon/external tank length.

x/_S _IS longitudinal posltlon/booster length.

x/_ _I_4M longitudinal posltion/O_ nozzle length.

X/_Np _LNP longitudinal position/MPS nozzle length.

x/% _CW local chordwise position/local wing chord length.

x/cv X/CV local chordwise position/local vertical tail
chord length.

y/b/2 Y/BW local spanwise posltion/wing semi-span.

z/bv Z/BV local spanwise positlon/vertical tail span.

00000001-TSC02



4_

CONFIGV_,A'_ONS INVU_TI GATED

The O.030-,_c,_].eacre loads model was a replica of the [_l_aCe Shuttle
Vehicle 2A. It consisted of four major components: the orbiter, the

external oxygen and hydrogen tank (ET) rind two nolld reel<st boonterz (._RB).

On the ascent confi_a_r_tion, the orbiter was strut Inounted from the

hT on a T:_sk Corporation MK XVI 2.5-inch diameter internal balance. The
left SRB was strut mounted from the _2 on a T:Jsk Corporation MK XXII 1.5-

inch diameter internal balance. No attempt was made to simulate actual
inter-uttachments. The ET was sting mounted to the tunnel model support

system on a Task Corporation 4.0-inch diameter internal balance. The

right SRB was strut mounted symetrically to the left side, but did not
contain a balance. The orbiter configuration, designated as O;]A, con-

sisted of B10CsDTW87V5R5M3F4.

The entry confi_Lratlon consisted of the isolated orbiter, sting

mounted to the tunnel model support system on a Task Corporation MK XXA

', 2.5-inch diameter internal balance. Midway through the OAI?C test, the
MK XXA balance was damaged and was replaced by the MK XXB for the high

angles of attack. The orbiter was provided with deflectable elevens by
_ means of interchangeable brackets, deflectable rudder by means of a pin-

_:_ indexed hinge, and interchangeable rudders to obtain different speed
brake flare angles. The main propulsion system engines were removed dur-

:'" ing entry configuration testing to provide sting clearance. A cover

plate was provided for the strut clearance hole.

The orbiter was instrumented with 37_ pressure orifices on the left

wing, left side of the fuselage, vertical tail, left OMS pod and engine,
' left and upper MPS engine and the base. The pressures were measured

using eleven Scanlvalve, Inc., S-type valve modules mounted internally

(a five and a six gang unit). When tested in the entry configuration,
the MPS pressures were not available for measurement.

The left side of the _f was instrumented with 136 pressure orifices.

These pressures were measured by means of 7 Scanivalve, Inc., S-type
valve modules configured as one unit of 6 modules and one single. These

valves were mounted internally in the tank. The left SRB had one gang

of six S-type modules to measure 102 pressures. The right SRB was not

instrumented. The pressure transducers used in the valve modules were

St_tham PM 131 TC differential pressure transducers, with ranges of +_lO

paid, +_12.5 paid and +_15 paid. Reference _nd calibration pl'e._'sureswere
measured by the ARC micro manometers.

Some modifications were made to the model at the test site prior to

00000001-TS003



¢ON_"ICEIRATIO_SZNVESTIaATED(O01VI"I_,I,D)

testing. These were as follows:

i. %_ae forward tip of the ET eont£.inlng the retro rocket package

(Reference NR Drawing VL78-0006"08) was replaced with a flush

0.90 inch radius nose (Model scale). The new nose had five
presst_e taps; one in the nose _nd four more aft of the nose

on the vertical and horizontal axis on a 0.315 inch radius.

2. The ET balaace cavity was enlarged by one inch on the diameter

(from 5 inches to 6 inches) to provide clesmance for cable
routing and eliminate balance interference.

3. The elearsmces a_ound both the orbiter and the SRB struts wer_,

o_ened to approximate_inch to prevent interference.

' 4. An alternate rudder hinge pin was provided to give a rudder

' deflection of +15 degrees.

Before and during the tests varlous model discrepancies developed
or were discovered. These were generally minor and had only a negligible,

if amy, effect on the data. Significant discrepancies are noted below:
J

i. Pressure orifices P171 and P173 on the OMS pod base were
_-', omitted.

ii 2. During the test certain pressure taps developed leaks or

i_ became plugged. Data from these taps are questionable and

_ should be used with caution. Difficulties in checking may

i { have resulted in erroneous indications of leakage. Repairs
were made to correct leaking or plugged pressure instrumenta-

tion, whenever possible, as the test progressed. The follow-
ing list gives those taps that were indicated as bad on the

various leak and response checks:

ARC Facility Run NOB. Orifice numbers with questionable pressure
data

ll' 2-4 72, 163, 427

I 5"118 31, i00, 123, 163, 201, 427

119-160 16, 98, iO1, 107, 333, 427

i 161-170 16, 98_ i01, iO7, 333, 427 ' 306, 307,
327, 328, 336, 337, 356, 35(, 375

f

27
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COm_IaURATIONSZNV_TIGATEO(eONCLUDEo)

Orifice numbers with questionable proscmre
ARC Facillt_ Run Nos. data

ii' 171-182 16, 11.7,53, 75, 78, 98, 107. 201, 236, _37,

I 938, 307, 327, 365, _27 '

183-189 Same as (171-182) + 7, 41_7,525

190-211 Same as (171-18_j)

8'x7' 220-234 20, 21, 24, 74, 396, 397, 336, _;_4,4:._!7,
752, 868, 871

235-285 74, 326, 327, 336, 42h, _27, 752, 868, 871

286-300 74, 107, ll5, 124, 129, 138, 326, 327, 336,
427

301"305 74, 326, 327, 336, 427

306-333 74, 326, 327, 427

9'x7' 340-396 5, 325, 326, 327, 424, 427, 526, 752, 868,
871
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TEST FACILITIES DESCRIPYION

Ames ll x ll-Ft. _h,ansonic

The Ames ii x ll-Foot _ransonie Wind Tunnel i_In v_riable densit,y,
closed return, continuous flow type. This tunnel has an adJust,lble
nozzle (two flexible walls) and a slotted test section to permit
tPansonic testing over a Msch number ran_3econtinuously wAriabl(
from 0.4 to 1.4.

Ames 8 x 7-Ft. Supersonic

The Ames 8 x 7-Foot Supersonic Wind Tunnel is a closed-return,
variable-density tunnel with a 8- by 7-foot rectangular test

' section. The nozzle has flexible side walls with fixed upper and
lower surfaces. Mach number range is continuously variable from
2.45 to 3.5. Tunnel stagnation pressure can be varied from 0.3 to
2.0 atmospheres and Reynolds number per foot varies from 1.O x lO_'
to 5.0 x 106.

Ames 9 x T-Ft. Supersonic

The Ames 9 x 7-Foot Supersonic Wind Tunnel is a variable density,
continuous flow type with an adjustable nozzle to permit supersonic
testing over a Mach number range continuously variable from 1.5 to
2.5. The nozzle is of the asymmetric, slldlng-block type in which

: the variation of the test section MJachnumber is achieved by trans-
i _ latlng, in the strea_m_Isedirection, the fixed-contour block that

I? forms the floor of the nozzle.
i!

:i
:i
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DATA REDUCTI 0_I

_]ts_;icL,trd T_rocedures were _,tillzed I;o _eduee force nnd preJ_nurc,df,ta

to coefficient form. The followin_ dimonslonal con_t,mts were npT_l:b;d:

Ruferenee Dimonslons and Constants

(Moa_.:l._]ca].e)

'qRef. _ ;!.4:'1 ft 2 Orbiter reference area

ef. = 39._]49in. Orbiter reference length

_:_e Areu:_ (Model Scale)

ABO I = 0.1903 Ft2 Orbiter base area, Integrated

&BOA = 0.2362 Orbiter base area, sting mounted

AhMPSU = 0.0417 Orbiter upper MPS base area

A}94psL = O.O853 Orbiter lower MPS base area

ABACPS = 0.0310 Orbiter ACPS base area on OMS pod

ABOMS = 0.O231 Orbiter OMS nozzle base area

ABPOD = 0.0257 Orbiter OMS pod base area

ACO --O.0611 Orbiter sting cavity base area

ABNOZ = O.0564 SRM nozzle base area

ABSKIRT = O.1729 SRM nozzle skirt base area

ABETI = O.3189 ET Base area

ACET = O.1964 ET Sting cavity base _,,ea

jO
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TESTCONDITIONS t
I.
i'
I'.

L I I .

REYNOLDSNUMBER DYNAMICPRESSURE'STAGNATIONTEMPERATURE !
It

MACHNUMBER. (petunitlength) (p0unds/sq.in_) (degreesFahrenheit) !I

0,_, , #.,.o,_,e'_ ,_-',/o tao"_c'_.
o,_ .....V.._- 8oo

. l,l 4.o . _
. I ,a,_" 3..,>. _3o

i. ,-/ 3'.0 _-oi i

L,0-3- . Z,9 .. b
,, _,o , _,,3 z/;_o /

._.6" I.o- _oo
J,o _.o . _.s'_ . .

. ,_,._- .,?,o _ co

m i
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TABLE _II, MODEL OOIV[POITEIT2DIMENBIONAL DATA
j

HODELCOMPONENT: No Boa_, _
t ! II I I Jt • III I ......... " _' - _i

GENERALDESCRIPTION:_, _eelage,, 2A Oo_i_ation,, I_Lghtw_ight,,, Orbiter,,,u pot
+

i _ v + i I J I ml i

1_ l I I I I II IN I IS I II ] I if 211.. IL II I L I _

o

Soale Model _' .030
,,,, ,ii,,, i,i I I m I Iron I l I I _ I i lUl,

_70-(_0_ "B"

D_W.INGf!UMBER: VL?O-O000?2,9}, 9/+"A"

DIMENSIONS: .. FULL-SCALE MODELSCALE

Length,_._ _ 39.8A90 •

Max,g_dth _IN (.@X_= 1528.3) 265.0 ?...,9_00

Max. Depth,,-ZN.(@Xo= IL_._) 248.0 7.._ .. .

FinenessRatio .5.012 5.012

Area,--i_,2 ".

. Ma_. Cross-Sectional ,._.4, .&1.076

t! elanfom II I I I ml

I' Wetted illii -- IL i

:i
8.,se " " " ', ..., o , •

• ........ ;'; ._. i"." *+" '"" ' "'"' +. . .':'• ". ..., ,;_ .,,, .* .. .;+ .,.: '. ., ., + : •

, • . + •', + , +" ,,_+ e+. - + ,+o
I " .+_. +

+,

I

.+ 44

i

I
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ROI_LCOMPONENT:. n,_.v - e_ " '

., GENERALDESCRIP-.T3,0_:_& ConfiRm,at,ion per" L:Lne=]9170-000092_ ._ . I i

I I I i in i

e i i i m i i ml i 1 m i I n
e

e

Scale Model= .0_0I _I il iiii i I iii i i

4

• '.k.

DIHEHSTONS: . FULL-SCALE _DEL SCALE

Length (STAFHD_B_khead) " ' 391.0 ii.730

Hax.-Hidth (T.E. ]3_ea_L) _560.O 16._O _,

Hax. Depth (WP -"/_2.? 22 t,o - 500) ....

Fineness Ratio .. . ,..

Area . ' "

.. Hag. Cross-Sectional

Planf.o_m_ .....

_, Wetted ,

_, :, Base . "......... "...... "".,......: .:'"':,_ M

i t

," . .... ,:, ....t_....'.'. • %'.." ;_,,, -. . ., ... ..,

@

i "
t .

"F

I
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IODELCOMPONENT:,,Memi_a_or Ho.sine, D-? ..... . ..........._J ............

GENERALDESCRIPTION: ,2AConfiE_uration per .I_,ckwell IJ.nea VL70-000093 'I i i ..... _, i i

F
I I I I I II III I II _ - ,

e

I I I I I I I I I i i
+

o

• Scale Model= .O30
I i i i i

.D..RAWING NUMBER: _7o,ro6oo93,,,

,T DIMENSIONS: FULL-SCALE MODELSCALE

Length_ IN. • 881.00 26.Z_30

Max. Wldth_IN, ,,,, _i.001 1 i 1. _3 0

• Max.Depth---IN.- 23.00 .690iii i ii m i I

i, FinenessRatio

' AreaP

. Ma_. Cross-Sectional ,m. , i i

•o

t Planform

1_ Wetted , ,
{ •

: • Base ..........
. • . • •. , #

' "" E pue'elage BP .=0 O0 "- . ...........• ,+ • ° o q ' _+'. # _L+_'o. ', -"+ •+"+

% *' +

m,,,  o.o Ps

l.h26.Oto 1307.0IN. FS
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R_?_ W_dal m .O_&O
• i • i ...... ]ll_ iira| I I

7 _"q, ow.NO.v=o-oooo9:....
DIMENSIONS' ,F_ULLrS¢.ALE ,MODEL,SC,ALE

TOTALOATA
Area {TheO,) Ft2

Pt anform =690,0_0 . 2.._D:x).
Span (Theo In. 9_6,t_8 28.10040'
Aspect Ratio _.26_ _ 2 _6_
Rata of Taper z,_.?? 1.17.7 .

. Taper Ratt o o.2o0 __
Dihedral Angle, degrees _.5ooo ii 3"_5U] ")- ,

Incidence Angle, degrees _.ooo . +3.00
AerodynamtcTwtst, degrees 3.500 +3.0o0
SweepBack Angles, degrees ....

Leading Edge _ ,.p_.O0
Trat 1tng Edge _ -_0.2/,

: 0.25 Element L_ne _ ,35._o?,,
Chords:

RoOt(Theo) B.P.O.O. _ 20.67720
Tip, (Theo) B.P. _683/+ _
MAC
Fus, Sta. of .25 MAC _
W.P, of .25 MAC ..g99,2JL_

18).13 B.L, of .25MAC , _
EXPOSEDDATA

_o). Ft2 _ 1.57706Span, (Theo) In.BPlO8 to &68.3_1 _ .
Aspect Ratio 2.058 ...... 2.058
Taper Ratio _ ,_,51 __
Chords

RootBPIO8 _,_62..40 16.87_,,
Tip 1,00 b .._37.e5 &.135_0

' MAC T 3%.o3 11.79o90l

' Fus, Sta. of ,25 MAC _.ZZ85.31- 35.55930
W,P.of .2SMAC '300.2o?i ' ?,.00621
B,L.of .Z5 MAC ZL3.?6- ,4,31,_o ,

Alrfo11Section(RockwellMod NASA)
•. XXXX-64

Root b - ._25 .lO .... ,lo ......
T

Tip h - Z.O0 _._2 ZP.
Data for (1) of (2) Sides

Leading Edge Cuff
Plantorm _rea Ft_ -120.33-_
Leading Edge Intersects F,s M, L. @ Sta _
Leading Edge Intersects Wing@ Sta _

_7
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DRAWINGNUMBER: vt ?o-_

i, DIMENSIONS_ FULL-S_AIr MODEL SCALE

_; Area,_.i_2 20}.}2 .1_97

_. Span(equivalent),,..IN, _53.3_ ..... lq.6,00,_..

Inb'd equivalent chord , 11_.78 3._34Q

_' Outb'dequivalentchord 5_.00 . 1.6500

Ratiomovablesurfacechord/
totalsurfacechord

At Inb'dequiv,chord _8 ._Og..

i At Outb'd equiv, chord ._00 ,_o0 ....

SweepBackAngles, degrees

"i Leading Edge _ 0.00 ___ ._

TailingEdge _

Hingeitne _9.oo

Area Moment(Normal to hinge 1the) _3 15_8.07 .o_
l_oduc_ of Area Homent



' MODEL-COMPONENTLVERTICAL- V5 (Light WeightOrbiter coDtlRD_r&t±Qn)

L_di_g F,dgo
i , ri i i _l..... j_ . j . ._.J ..... I I ........................... I I _ J I i

........... _ _, __. _.__ . . _Jl ........... ii . I yL_ U IJ I _ I .... J .... I ...... J.. _ L J I . .m

e

_oalo Xodo:].- .030
i_IJi m I ...... _ I I I I _ L -
e

q w!N,G,NUMBE,R,, ,v o-oooo _ ,

DIMENSIONS:__ ' FULL-SCALF- _DEL SCALE

•r,oT,AL,OAT,A,
Area (Thee) Ft2 _13.25 ;_7192 .

Planform- - -
1_Span (Thee) In 3 5,72 , 9./+7160

AspectRatio i._67_ j 1, _'675 .......

Rateof Taper O. _07_ O._u"t
Taper Railo- +' .,..%0_ ._04 ,
Sweep Back Angles__d_grL

LeadingEdge .4_.o00 , LS_'ooo_
T_at ling Edge 26;2_ 26. _.9
0.25 ElementLine __1:i_o _:i3o ._.

(]1o_ds:
Root (Theo) WP _26_._o I,o_oo ,
Tip (Thee) WP 108_47 _"_ _}.2_4i0,",,
MAC _19.9..ei,_ ,_.7%3o
Fus. Sta, of .25 MAC _o _.3.90500
W. P. of .25 MAC 6_._22 , ,I_.06_66
B. L. of .25 MAC ._o.oo. , o.oo

M_'foll Sect_on
LeadingWedgeAngle Beg lo.o0o 10.ooo
Trailtng Wedge_gle Deg !#,720 . . _.9_ ......
Lea¢tng Edge Radius Dt. 2.00 .96 1

VotdArea Ft< 1_ D.?_ '"
BlanketedArea 1_2 • -12.67.... .01:].4o

_' ,,

J

:[: _9

A
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MODELCOMPONENT: I_-5Rudd.r ,1 ,

DRA__INGNUMBER: ,VL70-000095 ,

i

_! PlME,NS!ONS:, FUL,L-$CALE MODE_LSCALE

;" Area_- p_2 Z06.3_ .o_
'p ,

Span (equivalent) t...IN. _

Inb'd equivalent chord _ • _?Z?55

,_ Outb'd equivalent chord _.B_,_._. .J=._2.J_3.___

; Ratio movablesurfacechord/
total surfacechord

: At Inb'd equiv, chord o.&o_, .

!! At Outb'd equiv, chord _

! Sweep Back Angles, degrees
,, Leading Edga _ 3_.83 _ 3_.83

TatItng Edge 26,25 ..... 26.2s .....

H!ngeltne 3_.e_ _}_.83

I Area Moment (Normal to hinge lthe)_3 _26.13

t _oduct of Area and Mean Ohord

5o

"" _ " ., :'- ........ --.i " . ......
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' IOiIEL COMPONENT: _a N_ -N3 ,

t _

t

.. I/L?O-OOQOg/_k ......

# t
I I I IJ i I

e

,q_la Mod_l _ .0_,0 .............
t e

e .e.

,. DRAW,!,NGNUMBER:. 'J'L?O-6OOO?4A_



• ° . o.

eb

_A_ hi. (CO__)

• o

MODELCOMPONENT: F& Bod.vF_p ...... • ' .) '
_ L I

GENERALDESCRIPTION: 2A,,Oonfiguration per Rockwell Lines VL?O-OOOOg_A
I i ill i I i ii i i • i m ii i i



MODELDIMENSIONALDATA

MODELCOMPONENT:. S_-BoosterSolid R6cketMotor

GENERAL DESCRIPTION'.P.hConfigurationPer RockwellLines VL77-O0001_

& VL72-000061"B"
i i, i L

Body of Revolution; Data for (i) of (2) Sides
• i i

ScsleModel = ..030

DRAWING NUMBER' VL 77-000012 , , , ,,

DIMENSIONS: FULL SCALE MODELSCALE

Len 17B2.0  I.p6

MaxWidth (DIA) IN. BSRM Tank i_2,0 4.260

Max Depth(DL_) Aft Skirt ....259.0 T.YT

Fineness Ratio L/D 6.687 6.687

Area~ Ft 2

Max. Crols-Sectional (ACt 365.87 • 32928
f Skirt)

- Planform

, Wetted

:_ Base

'-:'; Ref.

_:i FS (Orbiter)= 0.00 = 747.99IN. ET = 200.0 IN. BSRM:.

':_ WP (mRM) = WP 400(Orbiter)- 344._13= 55.587IN.
f

-- BP (Orbiter)= O.OO = 243.O IN. BSRM

/

53
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A

_A_U_Ill. (CONCmOEO)
Ii

MODEL COMPONENTs EXTERNALTANK - T9 ; }_
/

GENERAL DESCRIPTION: 2A Configuz'aglonI I - I i I I _R ___ i •

I j] • I

e

• N(/PE: T_.identicnl.toT8 _,I/Oretro ph,_.,nose w/_O"H F_S,. j i
;,

I

DRAWlNG NUMBER NONEe ___ __ q

DIMENSION= FULL SCALE MODEL SCALE

55.7/_O
Length - IN. . 18_8....

MoK Width (Dia) - IN. • 322+.0 9.720 ._

:: Max Depth

• FinenessRatio L/D . 5.73/+.57 5.73/+57

Areo- l_ 2

Max Cross-Sectional. " _'_2.56 '..... O.515_0 ..___

Planform

Wetted

Bose _ . --

i ' Nose, Radius, IN. )0.0

t

I

I

! •
u : e •

i

%

' 5h-
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i

F

LEFT SRN

8RM STATION - XS 8 _ DEG
|i

_FULL MODEL XS/_8 0 45 90 135 180 225 270 315

200 6.00 0 810
260 7.80 .034 811 812 813 814 815 816 817 818
370 ii.i0 .097 821 822 823 824 825 826 827 828
400 12.0o .114 831 832 833 834 835 836 837 83_
450 13.50 .142 841 842 843 844 845 846 847 848
550 16.50 .199 851 852 853 854 855 856 857 858
700 21.00 .284 861 863 865 866 867 868
850 25.50 .370 871 873 875 8ZZ-
1050 31.50 .48_ 881 883 885
1250 37.50 .597 891 893 895
i_50 b3.50 .711 901 903 905 9o7
1650 49.50 .825 911 913 915 917
1750 52.50 .882 921 922 923 924 925 926 927 928
1790 53.70 .904 931 932 933 934 93_ 936 937 938
1850 55.50 .939 9_i 942 943 944 945 946 9_7 948
190o 57.00 .967 951 952 953 954 955 956 957 958

NOZZLE BASE 801

SKIRT BASE 802 803 804 805

e. Left SRM

Table IV. Concluded.
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TAI_JLAT_D SOURCE DATA

Plotted data listings available on request

from the Data Management System.
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